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Abstract

Electrostatic sensitivity tests were conducted on M52A3B1 primers using an electrostatic
discharge (ESD) gun to simulate human static discharge. The data were analysed by the
Bruceton, probit, logit and AMCR techniques. The no-fire threshold (NFT) for
electrostatic discharge was determined.
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Electrostatic Testing Of M52A3B1
Primers

1. Introduction

There is considerable concern within the Australian Defence Force (ADF)
regarding the inadvertent initiation of electroexplosive devices (EED's). To
address the specific problem of electrostatic initiation, MRL has commenced a
task the aim of which is to recommend a structured clectrostatic discharge
protection policy. One of the milestones for this task requires the correlation of the
DC and electrostatic sensitivities of EED's.

The DC sensitivity of an EED is the more readily available parameter [1, 2].
Until recently there was no suitable method available for testing EED
vulnerability to human static discharge. The US uses the 25 kV test [3] for
assessing electrostatic sensitivity but this test does not give an indication of the
0.1% function level or of the no-fire threshold, nor does the test circuitry
accurately reproduce worst-case human discharge. We have adequately
reproduced human static discharge by using a commercially available electrostatic
simulator (the KeyTek ESD-1).

Here we will describe the results of sensitivity tests which were conducted on
M52A3B1 conducting composition primers. These primers are used in 20 mm
ammunition. Australian weapon systems employing this ammunition are the
Phalanx Close-In Weapon System (CIWS) as well as the F111C and F/A-18A
aircraft cannon. The purpose of these tests was to determine the electrostatic no-
fire threshold voltage and energy for the primer. It would then be possible to
compare the electrostatic NFT energy with the NFT energy for DC discharge.




2. Experimental

2.1 Materials

The M52A3B1 primers were provided by the Royal Australian Navy. The primers
provided had been filled into cartridge cases - sce Figure 1. The projectiles and
propellant had been removed from the cartridge cases. The M52A3B1 primer
contains a combined priming and conducting mix which is based on lead
styphnate and acetylene black.
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Figure 1: MS52A3B1 primer and associated cartridge case. (Inert primer and bored
casce).

2.2 Apparatus

2.2.1 ESD Simulator and Accessories

A KeyTek ESD-1 simulator was used in conjunction with a DN-10 discharge
nelwork, a HT-10 hand adapter and a DT-4 tool Lip (Figure 2). Ground return to
the ESD-1 was provided by a GCL-1 lead. The HT-10, DT-4 and DN-10
combination realistically simulales human static discharge via a hand-held metal
tool. This combination of hand and metal ool is widely considered to be a worst-
case situation [4]. The ESD-1 was powered by a KeyTek PSC-1 supply (the base of




the ESD-1 m Frgrure 2). The DN-10 possesses a capacitance of 150 pFand a
resisiance of 330 ()

Figure 2: KeyTek ESD-1 electrostatic discharge siritlator.

2.2.2 Mechanical Apparatus

The primer and cartridge case were contamed i a breech assembly as indicated in
Figure 3 The breech assembly was mounted on the moterised turntable as s
depicted :n Figure 4. The electrode making, electrical contact with the primer pole
piece (Figure 5) was pold-plated to prevent corrosion during discharge. Ths gold-
plated clectrode made contact with the pole picce via a cross-cut spring, probe and
receptacle. The probe and receplacle wers from RS components and could be
replaced sf they suffered damage from the explosion of the primer. The turntable
'Start’ position was 35 mm (rom the ‘stop’ position, as measured on the turntable
pernphery. When the turntable reached the 'stop' position, a microswitch was
achivated to stop the turnlable drive motor. The approach speed of the electrr de
to the DT-4 tip could be vaned by changing the voltage seiting of the power
supply. The same voltage setting, of 10V was used and at this setling the approach
speed was found to he m the range 28 mim/s 1o 29 mm/s The test confipuration
s depicted i Figure o,




Figure 4: Motorised hurntable, switch and associated poteer supply.
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Figure 6: Overall view of ESD-1 simulator and turntable

1



2 2.3 Electromes

The discharge pulse through the pold-plated electrode was mowitored by a
Tektromx CT-2 current transformer which has a pulse risetune of about 0.5 ns and
an insertion impedance of about 0.04 €2 shunted by § uH. The output from the CT-2
was relayed Lo s Tektronux TEK 7844 oscilloscope (Figure 7) via a Tektronix No.
011-0059-02 attenuator, rated at 50 2 and 2 W. This attenuator reduced the output
voltage of the CT-2 by a factor of ten.

The TEK 7844 oscilloscope utilised the 7A19 vertical smplifier. The vertical
bandwidth for this amplifier-oscilloscope combination is 400 MHz with a risetime
of 0.9 ns. The vscilloscope trace was captured by a Tektronix C-51 camera using,
Polaro.d 667 ASA 3000 film. A Tektromix writing speed enhancer (WSEN) was
also used to pre-fog the film before discharge.

The entire discharge assembly was enclosed by a safety cabinet with
polycarbonale doors {Figure 8). The firing cabinet was lined with carthed
aiuminium foil to prevent inadvertent electrumagnetic pickup of the spark
discharge by the oscilloscope. The firing cabinet was linked to an electrically
operated exhaust system (Figure 9).

Figure 7 TEK 7814 oscilloscope and C-51 camera.
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Figure 8:

Figure 9:

Close np of exhaust vent in the firing bax

13




2.2.4 Resistance Measurements

Frimer resistances were measured prior to the ESD tests by means of a Valhalla
Scientific 4314AN Digital igniter Tester. Measurements were conducted behind a
safety screen.

2.3 Firing Procedure

An initial measurement was made of the primer resistance before the cartndge
case was inserted into the breech block (see section 2.2.4). After the cartridge casc
was inserted into the breech block a second resistance measurement was made
between the outer surface of the breech block and the gold-plated electrode. This
second measurement was perforred to test for electrical continuity.

Upon activation, the turntable brought the gold-plated electrode to a distance of
1 mm from the DT-1 discharge electrode. System alignment was checked at this
point. The turntable was returned to the starting position The ESD-1 was
energised and the firing box shut. The turntable was then activated again and it
moved the gold-plated electrode Lo the discharge position. The discharge gap
increased with increasing discharge voltage.

Ali the firnngs we-e conducted withuin the firing cabinet. In the event of a 'no-fire’
the primer was disposed of by {iring at an clevated voltage. This voltage was
generally 15 kV. The exhaust system was used (o thorcughly clear the firing
cabinet of fumes after cach firing

2.4 Bruceton [5] Procedure

Primers were fired at 2 kilovolt intervals. An estimate was first made of the 50%
function level. A primer was then subjected to this voltage I the primer iired
then further primers were tested at successively lower voltages until a ‘no-fire’
occurred. If a mo-Nire’ occurred primers were tested ai successively hipher
vollages until a 'fire’ was recorded. This procedure was repeated in an ‘up-down’
fashion for 20 shots.

2.5 Rundown Procedure

The rundown test consisted of firmg separate lots of primers at pre-assigned
voilages. The voltage int_rvel was estimated from the Bruceton results, A record
was made of the number of *fires’ as “vell as 'mo-fires’ which occurred in each lot
This mfermation was then used to estimate distribution parameters. The data
were assessed either by the probit [5,6) method, the AMCR [7] mothod, or by the
logat method (6] The logit method is similar to the probit method but uses o
logistic function istead of a normal distribution function.

14
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3. Results and Discussion

3.1 Bruceton Procedure

The results of the Bruceton firings are listed in Table 1. Statistical analysis was
conducted by means of a program written by one of the authors (8]. The analysis
indicated that the 50 % function level was 3.8 kV. The log mean and standard

R deviation were 3.5581 and 0.1410, respectively. The Bruceton procedure had been
conducted interms of constant voltage increments. The Bruceton analysis was
conducted on the assumption that the voltage sensitivities were log-normally
distributed.

3.2 Rundown Procedure

The firing data from the rundown procedure are labulated in Tables 2t 10. These
data were analysed by using software packages written at MRL {9,10]. As
indicated in Table 5 and Table 6, additional firings were conducted at a voltage of
+.2kV. These addibonal firings improved the probit and logit fits.

3.2.1 Probit Analysis

A probitanalysis of the results was undertaken by means of the software in [9).
The logarithm of the valtage was used as the random variable. Figure 10 15 g plot
of the loganthms of the voltages agaist the empirical probils for this analysis. A
straipht line fit to the data s possible. The resulls of the analysis may be found
Table 11. The important results are that the 0.1 % function lovel and no-fire
threshold estimates are 1142V and 799V, respectively. By assuming that all the
enerpy stored in the discharge network's capacitor is released into the primer, it s
pussible to estimate the 0.1% FL and NFT energies as 98 pJ and 48 pJ respectively

8 ——0
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Lug V
Figure 10: Plot of log voltages against empirical probits. The straight line is the probit
regression line.




3.2.2 AMCR Analysis

The AMCR analvsis was conducted by means of the software develeped in 9]
The AMCR analysis indicated o mean of 6.04 kY with a stundard deviation of
2.041 kV. If these values are taken as approximations to the population mean and
standard deviation then the 0.1% function level is -0.27 kV. This resultis clearly

physically impossible.

3.2.3 Logit Annlysis

A logit analysis of the resulls was conducted using software written by ane of the
authors [10). The logarithm of the voltage was used as the random variable. A
plot of logarithmic voltage apainst empirical logit is displayed in Figure 11. The
0.1% function level estimate was 781 V. Assuming that the 0.1% FL is normally
distributed, the NFT was calculaled as 477 V (95% single-sided confidence
interval). The 0.1% FL and NFT energies were therefore 46 g and 17 pl.

respectively

Logits

Figure 11: Plot of log voltages aguinst crupirtcal logits — The strarght fine o e logn!

regression line
3.2.4 Clu-syuared Test
Cha-squared analyses were conducted on the probit and Togit results. For the probu

analysis a chi-squared value of x¢ = 3.948 was found. This value s exceeded in 41%

of cases.
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A probil line which pives a clussquared value corresponding Lo a percentage loss
than 3% is considered a poor fil and is not the true relationship between
percentage fired and (logaritlunic) voltage [3]. We conclude that the probit line
relating the logarithms of the voltages Lo the empirival probits is a gouod fit.
Sinularly, an analysis was conducted of the logit results. The chi-sguared value
was x? = 3.62 which is exceeded in 46% of cases. This high percentage indicatos
that the logit line is also a good fit to the abserved finng, data.

3.3 Comparison of Test Methods

In the probit analysis of section 3.2.1 il was assumed that the logarithms of the
vollage sensitivities were normally distributed. This was also assumed for the
Bruceton analysis. The Bruceton method was useful for obtaining rough estimates
of the 50% fire level and the level spacing. These initia] estimates were used as a
basis for the rundown procedure.

There is v reason for favouring the results of either the logit or the probit tests
on the basis of the chi-squared analyses. There is obviously a discrepancy between
the two methods with respect to the determined 0.1% furction levels and no-fire
thresholds. This discrepancy is unavoidable because, although both the probit and
logit methods provide a good fit Lo the observed data, the threshold voltage
values are oblamed by extrapolation. This extrapolation creates uncerlamly in the
0.1% FL and NFT determinations.

3.4 Comperison with DC Firing Levels

Insecbons 321 and 3.2.3 the NFT energy (0.1% FL, 95% confidence iierval) was
ostimated as 48 pj and 17 ), respectively. The NET for DC imiation (0.1% FL,
Y3% confidence interval) is quoted in (11 as 2.2 1) and in {12] us 5 ).

However, it must be remembered that no account has beon taken of the effedts
of the series resistance of the discharge network. Some of the avadable eperpy of
the storage capacitor will be dissipated by this resistance, reducing the erergy
discharped into the primer. The magnitude of this lost enerpyas o funcion of ihe
primer resistance and thisas expedted Lo vary after diccharge commences and
prior laomitiation. Some of the avalable energy s also dissipated inthe spark
resislance.

3.5 Analysis of CRO Traces

Representative photographs of the CRO traces may be found m Fryprure 120 From
andlysis of the CRO traces it was found that the pulse wadth was fess then about
0.5 ms which is less than (L1 times the thermal tme constant of the M32A381
primer (160 ps {11]), This means we are justified m usig the enerpy (rather thon
the power) to charactense these primers, (The thermal tme conslant haraclenses
the wemperature rise of the EED on apphication of an eledineal stunulus).

17



(b)

Fignre 12: Repieescutatioe plotograpis of CRO traces. The resistances are tie primer
resistances mcasired before inscrifon of the cartridge case in the breech block.  The
voltuges are the test voltages. (a) Resistance = 20.4 kY. Voltage = T kV.

(1) Resistance = 22.3 k2. Voltage = 26 kV. (c) Resistance = 2775 kgL,

Voltug(‘ =34kV. (d) Resisturce = 0.5 k2. Voltuge = 4.2 kv

{e) Resistance = 57 8 kL2, Voltage = 58 kV. (f) Resistunce = 30.8 k.

Voltage = 7.4 kV. (g) Kesistance = 23.2 k(2. Voltage = 9 kV.

() Resistance = 154 k(1. Voltage = 10.6 kV.
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(d)

Figure 12 (Coutd): Representative photographs of CRO traces.  The resistances arc the
primer resistances measured before inscrtion of the cartridge case wn the breech block. The
voltages are the test voltages. (a) Resistance = 20.4 k2. Voltuge = 1 kY.

(b) Resistance = 22.3 k2. Voltage = 2.6 kV. () Resistance = 27.5 k{)

Voltuge = 3.4 kV. (d) Resistarce = 6.5 k. Volluge = 4.2 kV.

(e) Resistance = 57.5 k). Voltage = 5.8 kV. (f) Kesistance = 30 8 k().

Voltage = 7.4 kV. (g) Resistance = 23.2 k{). Voltage = 9 kV.

(h) Resistance = 15.4 k(). Voltage = 10.6 kV.

19
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Figure 12 (Contd): Kepresentaiive photogruphs of CRO traces.  The resistances arc the
primer resistunces mieastired before insertion of the cartridge case in the breech block.  The
voltages arc the lest voltuges. (u) Resistance = 20.4 k). Valtage = 1 AV,

(b) Resistance = 22.3 k). Voltage = 2.6 kV, (c) Resistance = 27.5 kQ2.

Voltuge = 3.4 kV. (d) Resistunce = 6.5 k(2. Voltage = 4.2 kV.

(e) Rusistance =575 k). Voltage = 5.8kV. (f) Resistance = 30.8 k2.

Voltuge = 7.4 kV. (g) Resistunce = 232k, Voltage = 9kV.
(h) Resistance = 154 k2. Vollage = 10.6 kV.

20
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Figure 12 (Contd): Representative photographs of CRO traces.  The resistances are the
primer resistances measured before insevtion of the cartridge case in the breech block. The
voltages are tite test voltages. (a) Resistance = 20.4 k€2, Voltuge = T kV.

(b} Resistance = 22.3 k§2. Voltuge = 2.6 kV. () Resistance = 27.5 k2.

Voltage = 3.4 kV. (d) Resistance = 6.5 AS2. Voltage = 4.2 kV.

(¢) Resistance =57.5 kQ. Voltage = 5.8 kV. (f) Resistance = 30.8 kQ.

Voltage = 7.4 kV. (g) Resistance = 23.2kQd. Voltage = 9 kV.

{h) Resistancc = 15.4 kQ2. Voltage = 10.6 kV.
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4. Conclusions and Recommendations

We have successfully concluded a series of firings and analyses to determine the
electrostatic discharge characteristics of the M52A3B1 primer. The Bruceton,
probit, logit and AMCR methods have been used to analyse the data. The probit
and logit analyses yielded the most realistic results and the results of those
analyses will be quoted here. The emphasis has been on safety. The probit analysis
predicts that the voltage 0.1% function level estimate and no-fire threshold (using
a single-sided 95% confidence interval) are 1142 V and 799 V respectively. The
corresponding values for the logit analysis are 781 V and 477 V. The 0.1% FL and
NFT encrgy were estimated as 98 p] and 48 yJ by probit analysis. The
corresponding values for the logit analysis are 46 ] and 17 uJ. By comparison the
NFT for DC initiation has been quoted as 2.2 pJ or 5 pJ.

We have, however, taken no account of the series resistance of the dischargc
network in determining the energy input to the primer. Taking this intc account
wauld reduce the obtained NFT values. It would be useful if the voltage across
the primer could be measured diractly as a function of time. Even without a
precise knowledy;e of the energy input to the primer, the results obtained in this
work are useful in determining the hazard level of the M52A3B1 primer (in terms
of discharge voltage). Tlus is because the data in this report have been obtained
from a s'mulator which replicates actual human discharge. Further, this discharge
s been designet Lo reproduce what is considered a warst-case scenario
involving discharge from a hand-held metal object.

It would also be useful if future work could be conducted to eludidate the effects
of factors such as temperature, humidity and barometric pressure on the
discharge.

Arnother important factor is the approach speed of the electrode bearing the
electrostatic charge. It has been shown [13] that a correlation exists between
electrode approach speed and the rising slope of the discharpe pulse Tl <
phenomenon requires further investigation in the context of thus work. | 15
relevant because, in practice, there will be a variation in the approach sp ed of e,
a person's hand to the ordnance under ESD threat.

The different values obtained for the 0.1% FL and NFT when they are caliulated
by different methods is also a problem that requires further investigation.
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Table 1: Results of Bruceton firings for M52A3B1 primiers

Temperature: 337°C. Relalive Hunudity: 37%

Shaot INo Primer Resstance Rip, Resistance Test Vollage Rosult
(k€2) (k§2) * (LN
1 10.84 5 NF
2 577 67.0 7 NF
3 211 216 Y F
4 296 28 4 7 F
5 16.2 161 5 NF
O 77.2 77.3 7 ¥
7 1na 113 5 F
8 20.1 20.5 3 NF
9 21 23 5 r
10 e 7 3 NF
11 415 277 i) F
12 425 10 3 F
13 48 4.8 1 NF
14 80 17 8 3 NF
15 4.6 46.5 5 F
10 257 285 A F
17 103 10.1 1 NF
1= 21 235 3 NF
19 RER 27 5 F
20 200 301 3 NF

Table 2: Rundewon test V=10V

Fust 2 shots: Temperature: 32.5°C, Relative humidity: 32%.
Other shots: Tempoerature: 29°C, Relative hlll’nldll'\" 329,

Shel N Primer Resistanee Rig Resistance Rosult
(k82 (k$2) *
i 1651 159 NF
: 194 193 NF
3 141 132 NF
4 4o 143 NF
5 RRIK) 352 NF
& 132 132 NF
7 131 128 NF
ad 204 176 NF
4 105 104 NF
10 5149 KER NF
11 113 87 NF
12 83 72 NF
13 132 53 NF
14 10 Yo NF
15 R 77 NF
16 nY 6 6 NF
17 236 217 NF
18 10.3 11.8 NF
19 249 25.0 NF
20 240 150 NF
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Table 3;:  Rundowen fest V= 2 0k

Teovperature: 323 °C Relative hanidaty: 32%.
Shat Na. Praimer Resistance R Resistanee Rosult
(k€2) (K§2)
1 108 10 F
2 Ri5 739 NF
k) 17 6 123 F
4 11.3 78 NF
5 4.7 235 NF
& 344 99 NF
7 5.8 58 NF
8 13.7 14.3 NF
J 126 77 NF
10 84 79 INF
1 67 52 NF
12 187 201 NF
IR 32 273 NF
14 300 269 NF
15 223 222 NF
1n =Y 535 NF
17 274 296 NF
1= 10.3 1o NF
1 190 205 NF
n 8.0 .5 NF

Table 31 Rumndcir: best V= 3.4 kV

Temperature: 3607C, Relative hunudity: 29%.

Shet N Prinver Pesistance Rip Resistance Result
(h§2) (k§2) *
1 EXYY) 2u NF
2 RONE S 214 NF
3 523 461 NF
4 Y2 74 NF
5 295 151.2 F
8 353 1513 NF
7 150 14.7 NF
b 93 Y F
o 2K 1178 NF
10 120 125 NF
11 2 189 NF
12 132 126 F
13 177 Ny INF
14 275 272 NF
15 183 179 NF
1o 224 221 NF
17 210 2 F
18 5.9 57 NF
19 74 72 NF
20 139 138 INF




Table 5: Rundown test V= 4.2 kV (initial 20 shots)

Temperature: 29°C, Relative humidity: 40%.

Shot No. Prumer Resistance Ry, Resistance Result
(&) (k€2
1 nz 314 NF
2 0.5 o F
K} 133 132 F
4 219 PAR] NF
5 1303 130.3 F
0 285 s F
7 6.8 40 F
s A4 1.7 F
9 B2 20 NF
10 BH 44 NF
11 28.6 18 F
12 125 67 F
IR 534 B0 F
14 147 147 F
15 15.4 125 F
16 104 35 F
17 182 a7 F
18 179 78 F
14 46 a1 NF
20 14 8 148 F

Table 6: Rundown test Vo= 4.2 kV (secomd lot of 20 shots)

Temperature: 32°C, Relative hunuadity: $4%

Shat No Primer Rosistanc e Fag, Resistance Resull
(k€2 {hY) -
1 54 52 F
2 151 151 NF
3 50 50 INF
| 19.4 194 F
5 157 i54 F
o 74 72 F
7 192 189 F
X 1513 153 NF
Yy 257.0 2040 F
1 9.6 79 F
n 200 200 NF
12 123 124 NF
13 1025 1631 F
1 2149 249 NF
15 615 61.5 NF
16 104 104 NF
17 7.0 117.8 F
18 9.6 97 NF
19 40.2 40.1 F
20 15.0 132 NF

26



Table 7 Rundowsi test V=58V

Temperature: 29 C, Relative hunudiy: 40%

Shat Nao Primer Resistance R Besistanee [Zesult
(kL) (k€2) *
1 140 144 I
2 103 102 F
k! 114 n7z 3
4 10.0 . Nt
5 84 &5 NF
a 41 3 F
7 16.9 00 F
8 10.0 .0 E
9 206.0 263.0 NF
10 19.9 10 ¥
1 206 00 F
12 132 130 F
13 175 45 F
14 kX3 5.0 F
15 575 a0 F
1o 21 J O 18
17 165 A7 F
18 222 14 I
19 124 a0 g8
20 180 15 b

Tuble 8: Rurdown test V= 74 AV

For the first 8 shots: Temperature: 29 C, Relative hunidity: 0%
For the ather shots: Temperature: 33 C, Relativ e hunudity: 30%,

Shot No Praimer Resistanee Fay Fesistance Posl
(k§2) [INY
] S8 U -
2 109 o2 i
K 15.1 178 b
4 160 0 103 1
5 71 "o F
6 1506 1i o INF
7 30K 21 I
8 449 453 F
Y LU T F
10 8.7 N7 MNi
N RERS 32 13
12 9n o ]
13 120 JAN T
IB] 189 vy F
15 ERE 435 F
IR 05 v F
7 27 2o I
1¢ A2 i3 3
1y 132 133 3
24 19.2 190 F

27
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Table 9: Rumdoion test V = 9.0 kV

Temperature: 33°C, Relative humidity: 300,

Shot No Pomer Resistanee g Resistanee Result
{39)) (k€2 *
1 173 167 NI
2 17.6 166 I
a 99 102 I
4 49 3 47 8 |
5 5.6 359 i
6 72 72 I
7 85.0 835 I
] 17 2 172 r
9 236 229 F
| 10 b 6 67 1
11 126 126 I
12 232 234 I
i3 123 122 I
14 232 225 I
15 6 235 I
16 84 b3 I
7 156 17.7 |
18 447 413 I
19 RN 271 |
20 181 140 |

Table 10; Ruidownitest V= ]G0

»e
<

Temperature: 33°C, Relative humidity - 30,

Shot No Primer Resistance R Resistanee Result
(h$2; {(hedy e
1 SR 520 |
2 8T 82 I
3 t 03 1
b 1440 ANIRRE B
5 123 131 !
O IS 183 1
7 20 () LA I
b 65 {) 647 I
9 119 11y I
10 261 258 I
11 9] a2 |
12 184 197 |
1 140011 1oy 7 I
11 154 ia 4 I
15 17 R )
16 142 [ERER i
17 s 121 1
15 244 REI i
v 297 s !
20 72 7.2 K

* The rig resistance was measurcd after the cartridyie case was inserted into the breech

block. Sec section 2.3 for detanls
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Table 11:  Probit analysis results assuming the voltage sensitivity is leg-normally
distributed

Logarthnuc Yohage M. 3020
Loganthmic Voliage Standard Deviation 0.182
Voltape 0.1% Function Level Estimate 1142V
Voltage No-Fire Threshold Estimate (3.1%, 95% Confidence) 799V

Table 12: Logit analysis results assuniing the voltage sensitivity is log-logistically
distribited

Logarithnue Voltage Mean 16le
Loganthnmie Volape Standard Devidion 0140 !
Voltage 0.1% Fundtion Level Estimate 781V
Voltage No-Fire Threshold Estimnate (00 17%, 95% Conlndence) 77V
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